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(54) PREPARATION OF POLYMERIC ANTIOXIDANTS 



(71) We, Qba-Geigy AG^ a Swiss Company of CH— 4002, Basle, Switzer- 
land, do hereby declare the invention for which we pray that a patent may be granted 
to us, and the method by which it is to be performed, to be particularly described in and 
by the following statement : — 
5 The present invention is concerned with a novel pirocess for the production of coni- 

pounds which are useful as antioxidants for organic materials, particularly as anti- 
oxidants for such materials as polypropylene, polyethylene, polystyrene, polyvinyl 
chlwide, nylon and other polyamides, polyesters, (^lulosics, polyacetals, polyurethanes, 
petroleum and wood resihs, imneral oils, animal and vegetable fats, waxes, rubbers such 
10 as styrene-butadiene rubber (SBR), acrylonitrile-butadiene-styrene rubber (ABS), oiefin- 

copolymeis such as ethylene-vinyl acetate copolymers, polycarbonates, polyacrylonitrile, 
pol3<4-mediyl pentene-1) and polyoxy-mediylenes. . 

The prevention of oxidation of various organic materials is obviously of iprimary 
industrial concern and therefore antioxidants are used in or added to a wide variety of 
15 commercial products such as synthetic polymers of the type indicated supra, oils and 

plasticSj which are normally subject to oxidative deterioration. 

The mechanism of the action of a hindered phenol compound as an antioxidant 
has not been definitely established but it is believed that the hindered phenol acts as a 
chain-stopper for the free radical chain mechanism of oxidation either by donation of 
20 'hydrogen or donation of an electron to a free radical involved in the oxidation process 
. or the combination of a free radical with the aromatic ring of the antioxidant either by 
. direct addition or by r complex formation. 

Since it is graieraily believed that free radicals, necessary for the polymerization of 
vinyl- and related monomers, are trapped by antioxidants such as hindered phenols, 
25 . pol5m[ierizations of vinyl monomers carrying a phenohc group or a hindered phenolic 
• group were carried out by a series of steps which included esterification of the phenol 
group, free radical polymerization of the viinyl group followed by hydrolysis of the ester 
group to obtain the desired polymeric antioxidant.. This procedure is illustrated by S, N. 
Ushakov et al., USSR Patent 149,888 as follows : 
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and by a Manecke+G. Bourweig, M.ikromolekulare Chemie/PP (1966) 175--185 




TOJ^ — ^ . — ^ 



CH2==CH 
OH '^v.Jv^OCOCHj 



CH^COO' I K . CH3COO I 12 HO I 

^ R R R 

^^ft'hf'now^teen found that monomers containing hindered phenolic ^"Pscan 
be dlre<S ^lym^^ed by free alkyi- or ary-l- radicals to produce the des.«d poly- 

""'iSSSS'io lt-^^-Sn°S;ere is provided a process for the preparadon 
of a ^T^5f Ltioxidant compound which comprises subjecting to^g^™l"«°& 
ditions (^a monomeric ester, thioester, amide or imide of an "^5^^y^"?ScaTv 
saturated earboxj'lic acid containing in the moiety attached to the «,«-eihylenicaUy 
unsaturated carboxyUc acyl moiety a phenol group of the formula, 

C, Xo Cq, flllcyi 




C| R> Cg allcyl. 



and (b) a free radical initiator which is an azo derivative, or an aliphatic or cyclo- 

'"P'^tis^t ^fpJJent invention, a single step process is utilised in tbepwn^n 
of tiie desired pols^meric antioxidants thereby avoiding tiie mulu-step procedures of tiie. 

^°°^SSntiaf SS^nt in the pi^paradon of ti,e polymeric antioxidants of the pr«^t 
invention is an initiator which*^can react with the ^^iox.dant monomer to obtam 
cfcecdy, i.e., in one step, tiie desired polymeric annoxidants. Included among the m- 
ftiSfa^^^^mtriles ^d odier azo-derivarives which dissociate into ^^phamc- 
free radicals at temperatures convenient for polymensation reaction. Ihe best ^oiown 
SnS? an aS-^trilc is 2,2'-a2obisisobutyronitrile and tiie dissociation providing 
the required cyano-alkyi free radicalls shown as follows: 



CHa CH, 

NC--o-N=i4--c--casr - 
I I 



..2 NC— C.+N2 

ill. 



Otiier azo-nitriies and azo-derivarives which can be used to react with tiie afore- 
said antioxidant monomers to prepare tiie desired P^ucBof *'^JJ»rS?"°'t„TsS^ 
cribed in J. Brandrup and E. H. Immerguti Pplymcx Handbook John Wdey and Sons) 
1965 pages II — ^3 to II — 14 and include, for example 

2-(2-methyl propioriitrile)-azo-formamide 
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I 

NC— C— N=N— C^>3H2 

I II 
CH, O 

2,2'-a2o-bis-2-methylpr6pi6nitxile 

1 , 1 '-azo-bis-l -cyclobtiranenitxile 

2,2'-a2o-bis-2-meThylbutyronitrile 
5 454'-azo-bis-4-qraiiopeiiTanoic add 5 

Ijl'-azo-bis-l-qrclopentanenitriie -= . 

2,2^-a2o-bis-2-inethylvaleronitrile 

2,2'-a2<>-bis-2-cycl6butylpropionitrilc 

l,l'-a2o-bis-l-cyclohexane nitriie 
10 . 2,2'-a2o-bis-2a4-diineithylvaleronitrile 10 

2^'-a2o-bis-2i4,4-trimethylvaleronitriIe 
. 252'-a2a-bis-2-beii2ylpropionit3ile 

l^l'-azo-bis-l-cyclodecane nitriie 

azo-bis-(l-carbpinethosy-3-inethyIprapane) 
15 pheayl-azo-diphenylmetfaanc . .15 

phenyl-azo^triphenylmethane 

aza-b|s-diphenylinetfaane 

3-tolyl-£uzo-triphenylmethane 

As indicated above certain acyl peroxide-initiators are similarly useful in preparing 
20 the desired polymeric antioxidant products of the present invention, the operative or 20 
useful peroxide-initiators being those capable of decomposing instantly into aliphatic 
oi cycloaliphatic free radical. The aliphatic or cycloaliphatic free radical is obtained 
eidier by instantiineous decomposition or bj' a rearrangement reaction of the primary 
decomposi'tion products of the peroxide compound. Of the stated peroxides, the aliphatic 
25 acyl peroxides are most useful and one preferred aliphatic acyl peroxide is acetyl 25 
peroxide. The decmnposition of this compound into alkyl free radicals can be set out 
as follows: 

I II 

CH^COO— OCOCH-^ 2CH3COO; 2CH3 +2CO2 

Reaction II follows Reaction I instantaneously. In the presence of iodine, only CHsI 
30 is isolated; proof of the instantaneous formation of the methyl radical. In addition to 30 

acetyl peroxide, and also lauroyl peroxide and decanoyl peroxide, the preferred per- 
oxides, other aliphatic and cycloaliphatic acyl peroxides contaimng up to 18 carbon 
atoms in each acyl group are also useful as initiators for the polymerization of anti- 
oxidant monomers. Sucii peroxide compounds include propionyl peroxide, butyryl 
35 peroxide, isobutyryl peroxide, cyclobutaneacciyl peroxide, heptanoyl peiroxide, caprylyl 35 

peroxide, cyclohexane acetyl peroxide, nonanoyl peroxide^ myristoyl peroxide and 
stearyl peroxide. 

Aromatic acyl peroxides such as benzoyl peroxide and 2,4-didhlorobenzoyl perr 
oxide were also investigated. However, no polymerization occurred due to liie fact that 

40 the intermediate benzoyloi^y radicals do not decompose instantaneously into phenyl 40 
radicals but instead abstract hydrogen from die hydroxy group of the antioxidant. 

Dialkyl peroxides and particularly di-teatiary-butyl peroxide were also investigated 
as possible polymerization initiators. However, in the presence of antioxidant monomers, 
is was foimd that t-butyl alcohol was the main decomposition product indicating that 

45 the alkoxy radical abstracts hydrogen rather than adds to the double bond of the anti- 45 

oxidant monomer. Peresters were also investigated but it was found that these com- 
pounds oxidize and do not polymerize antioxidant monomers. Another group of com- 
potmds which was studied for possible use as polymerization initiators were tiie hydro- 
peroxides and a typical example was t-butyl hydroperoxide. It was found however, 

50 that this last mentioned compound, when it was reacted with an antioxidant monomer, 50 
did^ not produce polymerization since no alkyl radicals were simultaneously formed 
during the decomposition. It is believed that the other hydroperoxides behave similarly. 

Some of the monomers used to produce the polymeric antioxidants of the present 
invention are included within the following classes of compounds: : 
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Monomer 



Structure 



esters, thioesters and aniides of 
acaylic and mctliacrylic acid 

esters, thioesters and amides of 
maleic acid (Ri=H, cis) 
fumaric acid (Ri=H, trans) 
dtracordc acid (Ri^CHs, cis) 
mesaconic acid (Ri^CHjtj trans) 

imides of maleic acid and 
citracbnic add 



CH2=C(Ri)— COX— A-^R 



H COX- A-/? 
I N-A-R 



CO 



esters, thioesters and amides 
of itSLConic add 



esters, thioesters and 
amides of crotonic and 
cinnamic add 



wherein R is 




(lQYiet)oikyl 



CH«=C— COX— A— R 

CH2— COX— A— R 
CH:,— CH=CH--COX— A— R 
CfiHs— CH^CH— COX— A^R 



and preferably 



.(loweijalki/l 



RiisHorCHs 
_X— is — O— , -^S— — --N(lower)a^^ 

— A— is; 

— 'CnHon-^ XT 

— CmHom— CO— CnHzn-- 

— CznHom— O— CnHon 

— CmH;m— NH— COO-^CnHon— 

n is 0 to 6, and Cn Hon is straight or branched 
m is 1 to 6, and Cm H^m is straight or branched 
. o is 1 to 3 ' ■ ■ 



L283J03 



^'Lower alkyl" as used herein means alkyl groups containing up to and including 
6 carbon, atoms and iUustratively includes methyl/ ethyl, n-propyl, isopropyl, n-butyl> 

^"^"^hrJoS^nding poiymeis.of the above monomers are those having repeating 
xmits of . 



eo-x-A-R 



CO- X^A-R 



CO-rX-A-R 



A 
1 

R 



esters, thioesters arid 
amides of acrylic and 
methacrylic add 



testers, thioesters and amides 
of maleic, fumaric^ cit- 
raconic and mesacpnic acid 



r imides of maleic and 
l^citracomc acid J 



GH2-C0-X--A-R 



f esters, thioesiters and "1 
l^acbides of itaconic acid J 



10 



15 



CD-Xr-A-R 



esters, thioesters and 
amides of crotonic and 
^cinnamic add 



1 



t«WMn R R. — X— and — ^A-^ have the same meaning as given above, 
wher^ ^""Sifferent dasses of monomers set out above, the preferred gro^p of 
moiiomerslirrthe esters, thioesters and amides of acrylic, methacryhc, fumaric and 
. itacpmc Mi^s. ^ antioxidant monomers^ illustrative specific 

monome^mS preparing tg pSymeric antioxidants <rf the present mvention are as 
follows: 
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Compound 

3,5-di-tert-butyl-4- 
hydroxjrpheriyl acryliate 

3,5-di-tert-butyl-4- 
hydroxyphenyl methacrylate 

3-(3,5-di-tert-butyl-4- 
hydroxyphenyI)propyl 
xnethacrylate 

2-(3,5-di-tert-butyl-4- 

hydroxybenzoyIosy)ethyl 

xnetfiacrylate 

2-C3,5-di-tert-butyl-4- 

hydroxyphenylacetoxy)etfayl 

methacrylate 

2-[3-(3,5-di-tert"butyI-4- 
hydroxyphenyl)propionyloxy]- 
ethyl methacrylate 

2-[3-(3,5-di^tert^biityl=4- 
hydroxyphenyl)propionyl6xy]- 
etihyl acrylate 

2-[3-(3,5-di-tert^butyl-4- 
hydroxyphenyl^propionyloxyj- 
propyl acrylate 

2-[3-(3,5-d£-tert-butyl-4- 
hydroxyphenyI)propidnyloxy]- 
propyl methacrylate 



bisC3,5-di-tert-butyl-4- . 
hydroxyphenyl) fmnarate 



Structure 
CH2=CH— COO— Ra 



CH2=C(CH3)— COO— R2 



CHo=C(CH3>-COO(CHo)3— R2 



CH2=CCCH3)— COOCCHiOoOCO— R. 



CH2=G(CH3>-COO(CM2)20COaEl2— Rj 



CH2=CCCH3>--COO(CH2).>OCO(CH2)2--R2 



CH2=CH— eO0CeH2)2OCO(CH2)2— R2 



CH3=CH--.G00— CH2CH(CH3)OCO(CH2)2- 



CH2-C(CH3)^OOCH2CH(CH3)OCO(CH2)2 



bis{ 2-[3-C3,5-di-tert-butyl-4- 

hydroxyphenyl)propionyloxy]" 

ethyl}fumarate 



H XOO(Chi)iOCO(CH2)2-R2 




y COOCai2)iOC6(Cti2}2'^2 
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Compound Structure ' 

H CQQCH2CH(CH{)OCO(CH2)i''t2 
n-butyl 2-[3,5-di-tert-butyl-4- ^| 
hydroxyphenyl)propionylo3cy]- 11^ 
propyl inaleate H COO[CH2]^CH7, 

bis(3,5-di-tert-butyl-4- (2J2=G-COOR2 
hydroxyphenyl) itaconate inaCOORo 

3>di-tert-butyl-4. CH3— CH-CH— GOORo 
hydroxyphenyl crotonate 

3>di-tert-butyl-4- CeHsCH-CH-^GOGRo 
hydroxyphenyl cinnamate 

N-(335-di-tert-butyl-4- ® CHo=GH— CONHCH2— 
hydroxyben2yl>acrylamide 

® Disclosed in French Patent 1457152 

^C(CH5)5 

wherein Ra is __/?^ q^ 

tCCH5)3 



Of the antioxidant monomers set out above, the preferred monomers are the 
acrylates and methacrylates. 

The three general procedures for preparing the antioxidant monomers used m 
producing the polymeric antioxidants of the present, invention are as fallows: 
Prdcedure A— To one mole of the alcohol or phenol (as set out m Table I below) 
dissolved m five times the amount of pyridine is addedi accompamed by vigorous stir- 
ring^ at 5^ — lO^C^ one mole of the add chloride (as set out in Table !) as a 33 /o by 
weight solution while maintaining the temperature, below 25 After the addition is 
completed, that is, within about 15—25 minutes, the reaction mixture is stirred at rooni 
temperature for 1 to 2 hours. The precipitated hydrochloride is filtered, the solvent 
and excess pyridine is evaporated, and the residue, after addition of ether, is washed 
with 2 N hydrochloric acid, and then with water. The separated ether layer is dned 
over sodium sulfate, filtered and evaporated. The residue is then purified either by 
high vacuum distillation or recrystallization, as indicated in Table I- Yields are very 
high that is, between about 70 and 95%. 

Procedure J?— Equimolar amounts of acid chloride and alcohol or phenol (as set out 
in Table I below) are refluxed in twice the amount of benzene or toluene for a period 
between 12 and 36 hours (refluxed is stopped if conversion is high enough as determined 
by vapor phase chromatography or thin layer chromatography). The reaction mixmre 
is then washed wltii 2 N potassium bicarbonate solution and then with water. The 
organic layer is dried over sodium sulfate and after evaporation of the solvent, the 
crude product is purified either by high vacuum distillation or by recrystallization as 
indicated in Table 1 below. Yields are in the range of 65 to 85 7o- 
Procedure C — One mole of the phenol is dissolved in 3 to 5 moles of the acid chloride 
and refluxed for 1 to 3 hours, (refluxmg is stopped if conversion is complete as 
determined by vapor phase chromatography or tiiin layer chromatography). The excess 
acid dblorid'e is then removed by distillation and after washing the powdery residue 
with hexane or heptane to remove the last traces of the acid chloride, the residue is 
purified by recrystallizationj as indicated in Table I. the yields are excellent varying 
between 80 and 95%. 
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The last procedure set out above is the preferred one in view of the short reaction 
time very high yields and simple work-up procedure if the excess add chlonde can 
be esisily removed as in the case of acryJyl chloride, methacrylyl chloride, crotonyl 
chloride, cinnamoyl chloride, etc. If die boiling point of the aad chlonde is too high, 
the above-described Procedure C is carried out using solvent such as benzene^ toluene, 
etc* 

The stardng materials used in preparing the antioxidant monomers as well as the 
properties of said monomers are set out in Table I below. In the last column of the 
chart, there is set out the method of s>Tithesis used and reference should be made to 
the procedures which are set out above. 
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material which solution may then be employed for the fonnarion of films, for wet or 



dry spinning of fibers, monofilaments and the. like. -^^^nW^rt 
It sho^d be mentioned that the polymers contemplated by the presen? mvention 
include homopolymere of the novel antioxidant monomets and copolymers thereof wim 
other ethylenically unsaturated monomers. Polymerizanon of the m™"'™'^ ^ ^ 
carried oiit in bulk, solution, suspension or emulsion accordmg to tedimques well known 
to those skilled in the art. The preferred polymenzation technique is the solution po^- 
men-zation procedure using solvents as benzene, toluene, xylene and other ^rommc 
solvents or chlorinated solvents such as chloroform and tetrachlon^diylene, and 
Sors as d^bed supra iii quantities varying bet«-een 0.01% and 2% based upon lO 
the weight of the monomers. Polymerization temperatures are dependent upon the 
initiator used and are usually between 40<^ and 100°C. . . e«u,«,tc 
It was also found that, in cdnducung the polj-menzation, convenuonal solvents 
could' be advantageously replaced by the use of either distearylthiodipropionaie or 
,r dilauiylrhiodlpropionate. These compounds are referred to as "synergists since Aey 15 
increase the actiwty or eifect of the polymeric antioxidants of the present mvennon. 
The aforesaid synergists are used.in weight ratios of approximately three parts synergist 
to one part antioxidant. Furdier, by using either disteaiylthiodipropionate or dialauryl- 
thiodipropionate as solvents in die polymerizations of antioxidant mMiomers, two 
,n impomnt advantages are obtaiiied: (1) the solvent stripping operation after Ae poly- 
me^ation is elin^ated and (2) the antioxidant polymer-synergist mixture solidifies 
at room temperature after the pol>nierizarion to a white mass which am be e^^ 
pulverized. Such powders arc preferred as addinves as compared with highly viscous 
or solid polymers. . * ■ j • 

OK The following description and Tables illustrate the procedures used m the pre- 25 

paration of polymeric antioxidants of -the present, invennon and also lUustrate the 
various tests conducted with respect to such pol>'meric anrioxidants. These are not to 
be considered as limiung but only as illustrative of the present mvcnuon. All per- 
centages given 'in the Tables are by weight. ^ 
an The homopoljmerization of representative members of antioxidant rnonomer^j 30 

ie 2-r3-(3,5-di-tert-butyI-4-hydroxyphenyl)propionyloxy]ethyl methaciyMe and 
■ 3 J*-dI-tert-but\i-4-hydrox\^phenvl methacrylate with different initiators to produce the 
coiresponding polymeric antioxidants is set out in Table II below. The Pol5^enza°^^ - 
is effrcted, for example, by dissolving 4X10-" moles of the monomer and 8X10 
35 moles of the initiator in three times die amount of benzene. The polymenzaaon is conr 3*^ 
ducted under nitrogen and using the temperauire and time set out in Table II. Under 
these conditions, the polj-merization is interrupted after 1.5 half life-nmes of every 
initiator. 
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imiELors 
(0.02 moles /mole 
Monomer) 


Table II 

Polym. Polym. 
Temp. (X.) Time (Hrs) 


Yield of 
Homo 
Polymer ^ 


Yield of 
Homo- 
Polymer 


2-(2-mediyi propionitrile 
azoformamide 


100 


23 


88.8% 


75.6% 


252'-azo-bis- . 
isobutyronitriie 


65 


19.5 


86.7% 


84.5% 


1,1-azo-bis-l -cyclohKcane- 
carbonitrile 


85 


19.5 


91.9% 


84.8% 


acetyl peroxide 


67.5 


18 


70.8% 


69.5% 


decanoyl peroxide 


60 


18 


. 70.5% 


75.4% . 


laiiroyl peroxide 


60 


18 


88.9%. 


84.5% 


2,4-dichloroben2oyl peroxide 


52 


19.5 


None 


None 


benzoyl peroxide 


70 


19.5 


None 


None 


tert-butyl peroxide 


125 


19.5 


None 


None 


cumyl peroxide 


115 


18 


' None 


None 


tert-butyl hydroperosdde 


160 


43.5 


None 


None 


cumenc hydroperoxide 


155 


19.5 


None 


None 


tert-bntyl peracetate 


100 


19.5 


None 


None 


tert-butyl perpivalate 


52 


19.5 


None 


None 


tert-butyl pdrbenzoate 


105 


19.5 


None 


None 



3 2-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionyloxylethyl methacrylate polymer 
4. 3,5-di-tert-butyi-4-hy<koxyphenyl methacrylate polymer 

The results set out above indicate^. that only by use of the operable indicated 
initiator compounds can the polymerization be effected. ^ . j. 

The following table illustrates the homopolymenzation of the preferred acr>late 
and methacrylate antioxidant monomers. In indicated polymeript^^^^^^ 
of the monomer, 20 parrs of chloroform and 0.2 part of 2,2'.po-bis.isobutyrom^^^^^ 
all by weight, are used, under nitrogen, and the mixture is poij^menzed for 16 hours 
at 80°C. The symbol Tg refers to the second order transiuon temperature and the 
symbol Tm refers to the melting temperature. 
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nr.-DTt? TTT 
JLAELE 111 






Monomer 


Yield % 
jyy wejgut 


DifFerential Thermal Anal. 
TgCCd TmCC) 


3,5-di-tert-butyl-4- 
hydroxyphenyl aaylate 


79 


Not distinct 


+148 


3,5-di-tert-butyl-4- 
hydroxyphenyl methacrylate 


76.3 




+ 178 


3-(3,5-di-tert-buiyl-4- 
hydroxyphcnyl)propyl mctfaacrylatc 


65.8 


+55 td 60 


Not distinct 


2-(335-di-tert-butyl-4- 

hydroxybejazoyloxy)ethyl 

methacrylate 


/ 
/ 


+ 111 


+ 125 


2-(355-di-tert-butyl-4- 
hydroxyphenylacetosy)- 
ediyl methacrylate 


AO f 

92.5 


+58 to 63 


+95 


2-[3-(3,5-di-tert-butyl-4- 
hydroxyphenyl)propionyloxy]- 
erfiyl methacrylate 


81 .2 


+29 to 30 


+ 100 


2-[3-C3,5-di-tert-buiylT4- 
hydroxyphenyl)propionylQxy]- 
ethyl acryiate 


97.4 


+24 


+70 to 80 


2-[3-(3,5-di-tert-bmyl-4- 
hydroxyphenyl^propionylosyi- 
propyl acryiate 


Til n 

74.2 


+7 


+42 


2-[3-C355-di-tert-butyl-4- 
hydroxyphenyl)propionyloxy]- 
propyl methacrylate 


75.8 


+42 


+57 to 58 


N-(335-di-tert-butyl-4- 
hydroxybeiizyl)-acrylamide 


79.45 


+ 138 


+ 172 



In all instances the polymeric antioxidants are obtained in the form of a ys^hite 
powder. Using benzovl perojdde as an iniriator, no poiymerization occurs.. 

The foliovving Table illustrates the preparation of homopolymers, both oligomers 
and high molecular weight polymers^ of 3,5-di-tert-butyl-4-hydroxyphenyl methacrylate. 5 
In preparing these homopolj'mers, one mole of the aforesaid monomer (and the octyl 
mercaptan in the indicated ratios) and 0.01 mole of 2,2'-azo-bis-isobutyromtriIe are 
dissolved in twice the volume of chlorofonn. The pol>Tnerization is conduaed under 
nitrogen, at a temperature of 8G^C for a period of 16 hours. The resulting polymer 
product is not fractionated but is obtained by evaporadon of the solvent. The moleciilar 10 
weight is determined by osmometry or vapor pressure osmometry'. 
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Table IV 



Appearance of 
Polymer 



Moles 
Mercaptan 

Moles 
Monomer 



Aver. Mol. Weight 



Calculated 



Found 



Tm(°CO 



White brittle 
powder 



1/2 


727 


935 


+55 


1/3 


1017 


1176 


+66 


1/4 


1307 


1336 


+72 


1/6 


1888 


1888 


+83 


None 




81,400 


+ 178 



It should be mentioned that in the preparation of ohgomers that moleod^ 
weight antioxidants, the polymerization is desirably earned out 

transfer agents, for example, mercaptans. Jllustran,^ 1 '"f JTerSSS 
agents axe alkyl mercaptans such as ^-octyl, n-dodacyl and n-hexade^J m^pw^. 

Comonomers are knportant m the syntheses of ohgomeric and PolJ^^^ mU- 
oxidk^ in that they can^odify the physical properties of the polymenc aanoHdant 
that is, the solubiUty charaaeristics as well as the sohd state propcmes of the poly- 
mSc antioxidant can be influenced and m addition, the use of expensive antioxidant 
monomers can be modified by or set off by the use of cheap comonomers. 

The copolymerization behavior of antioxidant monomers is predictable from thar 
monomer ifaat is, an antioxidant monomer of the acrylate or methaciylate type 
tetoves in a manner similar to . an alkyl acrylate or alkyl methacrylate. L^emse, an 
antioxidant monomer of tiic fumarate type behaves in a manner similar t<>^^*^f 
alkyl fumarate in a a^lymerization. Comonomers that ran be used m copoljoneriza^ 
tion with aciylates, .metfaaciylates, styrenes, fumarates and itaconate^ "VT^SrW^ 
m those skilled in the art and are described, for example, m detail, in Cli. i>an"a- 
taediT-wfL ^ RELATED POLT^ERS" published by John Wiley & Sons, 

''^^^m^g' aCTvkte and meAacrylate antioxidant monomers, the preferred comonomers 
are alkvl fl to 24 carbon atoms) acrylates and methacrylates, styrenes, vmyl esters, 
butadiaae and isoprene including chlorinated or fluorinated derivatives thereof. Usmg 
fumarate and itaconate and related dieseer antioxidant monomers, the preferred 
comonomers are vinyl ediCTS, vinyl esters, alpha-olefiiis, styrenes and N-vmyl 

""""'riw^following Table iUustrates the preparation of alternating copolymers of a re- 
nresentative sample of comonomers with antioxidant fumarates or maleates. The poly- 
merization is conducted using equimolar amounts of the monomers whidi are dissolved 
in equal amounts of ' chloroform and polymerized using 2% by weight of the monomMS 
of £2'-azo-bis-isobutyronitrile. The polymerization is conduaed at a temperature ot 
sec for 16 hours, under nitrogen. 



10 



15 



20 



25 



30 



BNSOOCID: <eB 128310aA_l_> 



16 



1,283,103 



16 



e5 



I 



C3 
CJ 

H 



a 



11 



On 00 



ON 00 
vO 



VO 00 
VO 



sg 

^ 00 
VO 
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VO ■ 







o 

i 


O Ov 




+30 to 37 
+29 


Appearance 


yellowish 
powder 

white 
tacky 
polymer 

white 
brittle 
polymer 


Co-Monomer 


methyl 
vinyl ether 

vinyl 
acetate 

methyl 

vinyl 

ether 



o 

_ S ^ 
<N S 2 g^S 



O 
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The following Table illustiates the copolymerizatioii of represeatative antioxidant 
manDiners with swrene. In this copolymeadzadon, the antioxidant monomer and styrene 
aie disserved in twice the amount of benzene (using the first two antioxidant monomers 
in the Table below) or dikwofonn (umig the last two antioxidant monomers set out m 
the Table below). The pcdymerization is conducted in the presmce of 2 by weigtit 
of the monomers of 2,2'-azo-bis-isobiityronitrile and at a tempCTature of 80°C for 16 
houre, under nitrogen. FoUowing tiis, the polymer solution is diluted witii diloroform 
to a 10% by weight solution and precipitated into 20 rimes the amount of methanol. 
The precipitated polymer is filtered and hi^- vaaram dried. Yields vary between 
91% and 95% by weight. All polymers are white, britde powders. 

Table VI 



Copolymer Composition 




MoL Weight 


Antioxidant 

Monomer (% by weight) 


Styrene 
(% by weight) 


(determined by 
osmometry) 


33-di-tert-bntyl-4- 10.2 
hydroxyphenyl crotonate 


89.8 


12,080 


3,5-di-tert-butyl- 11.8 
4rhydros^henyl cinnamate 


88.2 


14;300 


bisCS^S-di-tert-butyl- 13.9 
Arhydcoxj'phwjl) fiimarate 


86.1 


15,600 


bis(3,5-di-tert-butyl- . 14.5 
. 4-hydroxy-phenyl) itaconate 


85.4 


16,700 



The oxidation of most polymers is so slow at ambient temperatures, even in the 
abseace of antioxidants, that testing of the effects of antioxidants mnst be conducted 
at high temperatures to yield results within a convenient time. The tests conducted on 
the materials Hsted in the foUowing Tables were conducted in a tubular oven with an 
air flow of 400 per minute at an oven temperature of ISO^Q The oven agmg is.set out 
in hours. The expression "Failure" mdicates the first sign of decomposition of the 

polymer. , j . 

In preparing the sample, for testing, unstabilized polypropylene powder is 
thoroughly blended with the indicated polymeric antioxidant. The blended material 
is thereafter milled on a two roller mill at a temperamre of 182°C f or six mmutes 
after which time the stabilized polypropylene is sheeted from the miU and allowed to 
cooL The milled polypropylene sheet wMch has been stabilized is then cut into small 
pieces and pressed. for seven minutes on a hydraulic press at 218^C and 174 pounds , 
per square inch pressure. The resultant sheet of 25 ml thickness is then tested for 
re^stance to accelerated aging in the above described tubular oven. 
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Table VII 

Oven Aging Tests of Polypropylene Films of 25 Mil Thickness 
Containing Different Polymeric and Oligomeric Antioxidants 



Polymers® Oligomers® 
High-MoL-Weight (Pcntamers) 





Hours To Fail: 


Hours To Fail: 


Monomers 


0.25% 
Anti- 
oxidant 


0.1%Anti- 0.2% 
oxidant + Anti- 
0.3% DSTDP® oxidant 


0.1 7o Anti- 
oxidant 
Q.3% DSTDP 


3a5-di-tert-buty,-4- 
hydroxyphenyl metfaacrylate 


<7 


145 


525 




2-(3,5-di-tert-butyI- 
4-liydroxyben2oyloxy> 
ethyl methacrylate 


<7 


484 


29 




2-[3-(3;>5-di-tert- 
butyl-4-hydroxyphenyI) 
propionyloxyjediyl 
mediacrylate 


29 


120 


790 


1240 


2-[3-(3,5-di-tert- 
butyl-4-hydroxyphenyI) 
propionyloxy]propyl acrylate 


<25 


260 


595 


950 


N-(3^-di-tert-butyl- 
4-hydroxyben2yl3^acrylatnide 


<18 


270 


140 


260 



Where no antiorddant is added to the pol>T>ropyJene in the above oven aging test, 
the "Hours to Fail" is less than 5 hours. 

© The s\Tithesis of the high molecular polymers is described in Table III supra. 
© The antioxidant monomers listed in the Table above and n-dodecyl mercaptan 
in a molar ratio of 5:1 and l^C by weight of 2,2'-a20-bis-isobut5TonitriIe (based on 
the monomer) are dissolved in double the amount of chloroform and sealed under 
nitrogen. After polvmerizing for 16 hours at 80°Q the solvent is evaporated and the 
oligomeric antioxidant is high vacuum dried. The yield is quantitative, that is about 
100%, in all of the examples. 

(D Distearvlthiodipropionate. / , . 

The results of oven aging test of polj-propylene hhns of 25 ml thickness, contain- 
ing oligomers of 2-[3-(33-di-tert-but\']-4-h3'drox\Yhenyl)propionyIoxy.]ethyl m 
cr^'late prepared with different mercaptans, is set out below in Table VIII. The pro- 
cedure Used involved dissolving a mixture of the aforesaid monomer, and the mercaptan 
(mixed in molar ratios as indicated in Table VIII) and 1% by weight of 2,2'-azo-bis- 
isobut%Tonitrile (based on the monomer), in three times the amount of benzene and 
sealing under nitrogen. After poh-merizing for 16 hours at 70° C, the solvent is 
evaporated and the oligomeric antioxidant is dried under high vacuum. The yields are 
in ail cases quantitative that is 100%. 
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Mercaptan 

(moles/per mol monomer) 




Table VIII 


Hours to Fail: 


Appearance of Oligomer 


0.25% 
Anti- 
oxidant 


0 .1% Anti-. 
oxidant 4- 
0.3% DSTDP 


n-octyl mercaptan 

(0.4) • 




high viscous 
polymer 


970 


1435 


n-octyl mercaptan 
(0.2) 




white, slightly 
tacky polymer 


800 


13^ 


n-dodecyl mercaptan 
(0.4) 




high viscous oil 


845. 


1315 ' . 


ri-dodecyl mercaptan 
(0,2) 




white^ slightly 
tacky polymer 


790 


1240 


n-hexadecyi mercaptan 
(0.4) 




high viscous oil . 


. 1040 


1215 


li-hexadecyl mercaptan 
(0.2) 




white, tacky 
polymer 


725 


1225 


Where no antioxidant is added to the polypropylene in the above oveii-aging test, 
the "Hours to Fail" is less than 5 hours. / j j 

In Table IX below, there are set out the results of oven agmg tests conducrecl 
using copoiymers of 2- [3K3,5-di-tert-biityl-4-hydroxyphenyl)propionyIoxyJ ethyl 
methacrylate and different comonomers. The copolymers set out m this Table are 
prepared iising the procedure set out in Table VIII above (n-dodecyl mercaptan, 0.2) 
except for tlie fact that 50% by weight of the monomer is replaced by the comonomers 
set out in Table IX below. 






Table IX" 


Hours to Fall 


Comonomcr 
(50% By Weight 
of Copolymer) . 




Appearance of 
Oligomer 


0.25% 
Anti- 
oxidant 


0.1% Anti- 
oxidant and 
0.3% DSTDP 


None . 




- colorless, high 
viscous oil 


845 


1315 


methyl methacrylate 




colorless, tacky 
polymer 


450 


435 


n-octyl methacrylate 




colorless, high 
viscous oil 


850 


949 


n-dodecyl methacrylate 




colorless, high 
viscous oil 


1040 


1075 


n-octadecyl methacrylate; 




colorless, high 
viscous oil . . 


995 


1020 


styrene 




colorless, high 
viscous oil 


430 


830 


1-vihylnaphthalene 




light yellow, high 
viscous oil 


83 


558 


N-vinyl carbazole 




milky tacky polymer 800 


875. 
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Generally, the oligomers, even after oven failure, showed only Jnle change in 
color H^evlr, where no andoxidant was added the "Hours to Fail" was less than 

5 ^ ^j^^^ j-esults of tests are set out in oh'gomers of 3,5-di- 

tert-butyl-4-hydroxyphenyl methaciylate and n-dodecyl mercaptan. The Polymenza- 5 
tion was effected by dissolving a mixture of the aforesaid monomer and n-dodecyl 
mercaptan (in molar ratios as set out in the Table), and 1% by weight based on 
monomers of 2,2'-azo-bis-isobut\TonitriIe in twice the amount of chloroform. Atter 
sealing under nitrogen and polymerizing for 16 hours at 70^Q the solvent is evaporated 
and the oligomer is dried under high vacuum. The yields are quantitative. lU 
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Table X 



Hours to Fail: 



Ratio (molar) 
Mercaptan 

Monomer 


MWof 
— Anti- 
oxidant 


Appearance 
of 
Oligomer 


0.25% 
Anti- 
oxidant 


0.1% Anti- 
oxidant and 
0.3% DSTDP 


1/2 


783 


white, high 
'^scous oil 


930 


1270 


1/2.5 


925 


white, ta<^ 
polymer 


940 


1600 


1/3.3 


1165 


white, solid 
polymer 


800 


1415 


1/5 


1654 


white, brittle 
polymer 


525 


1075 


1/10 


3106 


white, brittle 
polymer 


330 


490 



It was noted that there was no discoloration even after oven failure. Where no 
antioxidant is used, the "Hours to Fair was less than 5 hours. 

WHAT WE CLAIM IS:— . . ^ 

15 1. A process for the preparation of a polymeric annoxidant compound, wmcn 

process comprises subjecting to polymerising condidons (a) a monomenc ester, thio- 
est^, amide or imidb of an «,iS-ethylenically unsaturated carboxylic aad contaimng in 
the moiety attached to the «,/?-ethylenicaUy unsaturated carboxylic acyl moiety a phenol 
grpijp of the formula: 

C| to Cq alkyl 

20 




15 



20 



and (b) a free radical initiator which is an azo derivative or an aliphatic or cyclo- 
aliphatic acyl peroxide. ^ • , . t j r 

2. A process according to claim 1 wherein the monomer used is selected from 
esters,* thioesteis and amides of acrylic and methacrylic acid; esters, thioest^s and 
25 amides of maleic acid, fumaric acid, citraconic acid and mesaconic acid; imides of 25 

maleic acid and dtracomc add; esters, thioesters and amides of itacomc acid; and 
esters, thioesters and amides of crotonic acid and dnnamic add. 

3 A pix>cess according to claim 1 or 2 wherein the mitiator (b> is an azo mtriie. 

4. A process according to claim 3 wherein the azo nitrile is 2,2'-azo-bis^iso- 

butyronitrile. . t- u • 

5. A process according to claim 1 or 2, wherein the imtiator (b) is an aliphanc or 
cydpaiiphatic acyl peroxide having up to 18 carbon atoms in each acyl group. 
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6. A process according to claim 5 where the peroxide is acetyl peroxide, lauroyl 
peroxide or decanoyl peroxide. 

7. A process according to any of claims 1 — 6 wherein a comonomer coinpound is 
included in the polymerisation reaction. 

5 . 8. A process according to claim 7, wherein the comonomer compoimd is selected 

from Ci — C24 alkyl acrylates and metliacrylates, styrenes, vinyl esters, butadiene and 
isoprene and dilorinated and fluorinated derivatives thereof, and the said monomer 
(a) is an acrylate or methaciylate. 

9. A process according to claina 1 wherein the polymerizatibn is, carried oiit in thie 
10 presence of a dhain transfer agent. 

. 10. A process for the preparation of polymeric antioadant compounds sub- 
stantially as hereinbefore described with reference to the foregoing Tables II to X. 

11. Polymeric antioxidant compounds whenever prepared by a process as claimed 
in any of clainis 1 to 10. ■ 

Agaits for the Applicants, 
GALLAFENT & CO., 
Qiartered Patent Agents, 
8, Staple Iim, 
London, WCIV 7QIL 



10 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1972. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY, from 

which copies may be obtained. 



r 

t 



BNSDOCID: <GB^ 



.12831 03A_I_> 



